The influence of season on the plasma progesterone concentrations and morphometric values of corpus luteum and ovary was studied through ultrasonography in spring (n=10) and dry hot (n=10) seasons on alternate days during the estrous cycle regardless of estrous phases in Nili-Ravi buffaloes. The mean morphometric values of length and width of ovary and the diameter and area of corpus luteum were higher in spring than those in dry hot seasons. The plasma progesterone concentrations were determined by ELISA (Enzyme Linked Immuno Sorbent Assay) technique and influence of seasons was found significant (P<0.05) between two seasons. The traditional method of rectal palpation for detection of corpus luteum and ovary results in heavy economic losses. Due to silent estrous of buffaloes, most of the animals are misdiagnosed by rectal palpation. Adoption of transrectal ultrasonography in buffalo breeding can overcome the problem of misdiagnosis of actual size and presence of corpus luteum, especially during dry hot season. It was concluded that the size of corpus luteum and ovary along with plasma progesterone levels changed between the two seasons and these parameters could be effectively employed to detect the true anestrous animals for improvement in milk production.
Introduction
Buffalo farming is playing pivotal role in national economy of Pakistan. Buffalo is the most favorite dairy animal in Pakistan because its milk has higher percentage of butter fat (4) . Out of gross total milk production in the country, buffalo shares about 61.66 percent, followed by cows 34.91 percent and others (goat, sheep and camel) 3.43 percent (12) . However, high environmental temperature and under-nutrition are responsible for long anoestrous periods in buffalo (22) . Absence of ovarian cyclicity and overt estrous signs are major reasons for economic losses to the buffalo breeders. In the domestic water buffalo (Bubalus bubalis) the dimensions of ovaries are smaller than those in cow and contain less number of primordial follicles (14) . The precision of a single rectal palpation of the ovaries and other female genitalia is restricted with an overestimation of the frequency of true anestrus animals due to misdiagnosis of the corpus luteum on the ovaries (6) . For
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DOI:10.5455/ijavms. recognition and measurement of different types of ovarian follicles and corpus luteum size in goats, the ultrasonography is a highly accurate method. However, keeping in view the welfare of animals, the ultrasonography indicates a non-traumatic method in evaluation of the dimensions of structures of ovaries (19) . The breeding of buffalo may be possible throughout the year, but in most of the countries, ovarian activity is affected by seasonal changes. In tropical areas, the changes in rainfall result in feed availability and high temperature stress result in raised prolactin secretion while in temperate zones, the alterations in photoperiod and melatonin secretion seriously affects the breeding efficiency of dairy animals (14) . Peak magnitude of progesterone concentration tended to be lower and suppressed luteal function may contribute to low fertility in cows during summer season (7) . The lowest breeding percentage of buffalo is reported in the dry hot (May-June) season in Pakistan (8) . The larger corpus luteum will generate higher progesterone and produce more circulating plasma levels during the development of corpus luteum in early stage (10) . There is high environmental temperature stress and shortage of green fodder during dry hot season (MayJune) however, green fodder is freely available to the animals during spring season (FebruaryApril). The traditional method of rectal palpation for detection of corpus luteum and ovary results in heavy economic losses especially during summer season. Due to silent estrous of buffaloes, most of the animals are misdiagnosed by rectal palpation. The current study was, therefore, designed to observe the influence of season on the plasma progesterone concentration and morphometric values of corpus luteum in spring and dry hot seasons.
Materials and methods
Present investigation was carried out on 10 clinically healthy female Nili-Ravi buffaloes having normal physiological parameters (such as body temperature, breathing rate and pulse rate) maintained at department of clinical studies, College of Veterinary and Animal Sciences (CVAS), Jhang, Pakistan. The age of animals ranges from 4 to 8 years with body weight ranging from 430-580 kg. These animals housed in semi-covered sheds under similar conditions of feeding and management. The size of the ovary and corpus luteum was measured through ultrasonography during spring (February to April) and dry hot (May to June) seasons (7) by using linear rectal probe (Agro-scan AL; ECM Noveko International Inc. France) of 5.0 MHZ. All the measurements were performed on alternate days during the entire length of estrous cycle (20) .The plasma progesterone level was determined by taking 10 ml blood samples on the examination day from each animal in test tubes, containing EDTA (Ethylene Diamine Tetra Acetic acid) as anticoagulant (1) .The blood samples were collected by coccygeal vein puncture (21) and immediately sent to laboratory to be processed. The collected blood was centrifuged at 4000 rpm for 20 minutes (EBA 20; Hettich; Germany) and the plasma was then harvested, labeled and stored at freezing temperature (-20 °C) until progesterone (P4) evaluation through ELISA (Enzyme Linked Immuno Sorbent Assay) technique (1) . Statistical analysis: The data obtained in this trial was analyzed with the help of paired t-test by using computer software SPSS statistics version 17.
Results
The results of the present study revealed that the mean morphometric values of length and width of right and left ovaries were higher in spring (February-April) than those in dry hot (May-June) seasons as shown in table 1. Similarly the mean morphometric values of the diameter and area of corpus luteum were higher in spring (February-April) than those in dry hot (May-June) seasons as given in table 2. The mean values of plasma progesterone concentrations ± SEM in ng/ml were 3.02±0.17 and 2.60±0.18 during the spring and dry hot seasons, respectively. Paired t-test was applied for the assessment of influence of season on the mean morphometric values of different parameter under consideration. A significant effect (P<0.05) on the length of right ovary and a highly significant effect (P<0.01) on the length of left ovary was found between the two seasons (spring versus dry hot). A significant effect (P<0.05) on the width of right and left ovary was found between the two seasons (spring versus dry hot). Non-significant effect (P>0.05) on the diameter and a highly significant effect (P<0.01) on the area of corpus luteum was found between the two seasons (spring versus dry hot). The influence of season on plasma progesterone concentrations was also found significant (P<0.05) between the two seasons (spring versus dry hot) as given in table 3. 
Discussion
The mean value of length ± SEM (mm) for right ovary was 23.16±0.14 and 22.31±0.17 during the spring and dry hot seasons, respectively. The mean value of length ± SEM in mm of left ovary was 23.76±0.19 and 23.07±0.20 during spring and dry hot seasons respectively. These findings are comparable to the earlier reports. In these reports the length of ovary was found 22.1±0.27 mm in cycling buffaloes and 24.5±0.17 mm in non-cycling buffaloes (15) . In Nili-Ravi buffaloes, similar results were obtained with different methodology. The overall mean length ± SEM of right and left ovaries was 24.2±0.6 mm and 24.80±0.6 mm respectively (9) . However, the results of the current study are not in agreement with the findings in cattle. The mean value for length of the ovary reported by them was 3.5 cm (35 mm). This difference might be due to the element that ovaries of buffalo are of smaller in dimensions than those of cattle (2) . In these studies, the values of length of ovaries are well documented but seasonal comparisons were not made. In the present study, a significant influence (P<0.01) was found on the length of ovaries between the two seasons which is in agreement with the studies in Egyptian buffaloes. In this study, it was found that ovary was heavier and larger in winter (December to February) than in summer (May to June) in pregnant buffaloes (24) . According to another study, seasonal changes in gonadotropin secretion resulted in seasonal differences in ovarian activity (11) . The climatic factors and vegetative growth of crops also affect ovarian morphology (23) .
In the present study the mean value of width ± SEM (mm) for right ovary was 13.86±0.14 and 13.18±0.13 during the spring and dry hot seasons, respectively. Whereas mean value of width ± SEM (mm) for left ovary was 13.58±0.13 and 13.22±0.12 during the spring and dry hot seasons, respectively. These findings are comparable to the earlier reports but with different methodology. In those reports, width of ovary was found 13.9±0.16 mm in cycling buffaloes and 15.2±0.17 mm in non-cycling buffaloes (16) . However, the results of the present investigation are not in agreement with the findings in Toda buffaloes at 10 th day prior to superovulation. The mean values of width of right and left ovaries reported in this report were 19.11±1.27 mm and 18.0±2.03 mm respectively. This study also described that the Toda buffaloes had large sized ovaries but their reaction to superovulation was very reduced than those of the other buffaloes (13) . In above discussed studies, the values of length of ovaries are well documented but seasonal comparisons were not made. In the present study, there was found a significant influence as P<0.05 on the width of ovaries between the two seasons which is in agreement with the studies in Egyptian buffaloes. This study suggested that ovary was heavier and larger in winter (December to February) than in summer (May to June) in pregnant buffaloes (24) . In the present study the overall mean value for diameter± SEM (mm) of corpus luteum (CL) was 14.67±0.32 and 14.01±0.26 during the spring and dry hot seasons, respectively. The results of the current study are in line with the findings in Toda buffaloes. They found 14.50±3.28 mm as average diameter of corpus luteum (13) . Similar results were obtained for the diameter of cattle. The mean values of diameter of corpus luteum reported in this study were 14.0 mm in the beginning and 15.0 mm at middle of estrous cycle (2) . However, the results of the current study are not in agreement with findings in cattle. The overall mean value of diameter of corpus luteum reported in this study was 12.4±0.5 mm. This smaller value of diameter might be because of the species difference (17) . In above studies, the values of diameter of corpus luteum are well documented but seasonal comparisons were not made. In the present study a significant influence (P<0.05) on the diameter of corpus luteum was found between the two seasons. These results are in agreement with previous studies which described that the diameter of corpora lutea was larger in winter (December to February) than in summer (May to June) in pregnant buffaloes (24) . Moreover, the heat stress led to reduced diameter of corpus luteum in beef heifers (5) .
In the present study the mean value for area ± SEM (mm 2 ) of corpus luteum (CL) was 331.74±1.95 and 314.53±1.57 during the spring and dry hot seasons, respectively. The findings of the present investigation are in line with previous findings which described the mean luteal area ± SEM in mm 2 of corpus luteum as 316.0±12.2 and 3.40.3±26.7 in women with two waves of follicular development and three follicular waves development, respectively during inter-ovulatory interval (3). However, the values of luteal area recorded in Holstein cows were smaller in comparison to those of the present findings. The area of the corpus luteum (X ± SEM) for spring and summer recorded in this study was 384.1 ±10.7 and 327.9 ± 12.9 mm 2 , respectively. The larger values of area of corpus luteum in Holstein cows might be because of the species difference (7). The present study revealed that the mean value of plasma progesterone level ± SEM in ng/ml was 3.02±0.17 and 2.60±0.18 during the spring and dry hot seasons, respectively. These findings are comparable to the earlier reports in lactating Holstein cows which described that the low progesterone concentrations were found in summer season in comparison to spring season (7) . The value of plasma progesterone level determined in present study during dry hot season was found in the range of 2.55±0.36 in Nili-Ravi buffaloes (9) . However, the results of the current study are not in agreement with the observations in cows, which described that a considerably higher concentration of progesterone was found in cows in hot season and proposed that this was linked to the body fat mobilization, leading to gradual reduction in body weight (18) . On the other hand, in another study little progesterone concentrations in hot season was determined in comparison to winter season without any remarkable decline in body weight of experimental Murrah buffaloes. It was concluded that regardless of the phases of estrous, the size of corpus luteum and ovary along with plasma progesterone levels changed between the two seasons and these parameters could be effectively employed to detect the true anestrous animals for improvement in milk production. Adoption of transrectal ultrasonography in buffalo breeding can overcome the problem of misdiagnosis of actual size and presence of corpus luteum, especially during dry hot season.
